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Abstract 
This paper examines whether high quality, curriculum-based training at the workplace makes 
firms more innovative. Our dependent variable innovativeness is operationalized with four 
different measures: general innovation, product innovation, process innovation and patent 
applications. As explanatory variable we use regulated apprenticeship training programs with 
three to four years length of the type found in German speaking countries. We argue that this 
type of curriculum-based workplace training provides an additional source of knowledge in 
the knowledge production process through its innovative and steadily revised training 
curricula. We expect that this additional source of knowledge leads to higher innovation in 
training firms compared to non-training firms. Our empirical results show that up-to-date 
curriculum-based apprenticeship training is positively associated with all of the four 
innovation measures. Taking endogenous apprenticeship decision into account, the positive 
effect is only significant for general innovation and patent applications.  
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Introduction 
According to Acemoglu et al. (2006) and Aghion and Howitt (2006) the educational 
composition of a country’s population and the country’s distance from the technological 
frontier
2
 are major determinants for economic growth. For more backward countries, a 
stronger emphasis on investments in low-skilled labor contributes to the imitation of the 
leading-edge technology and results in higher growth than investments in high-skilled labor. 
Countries close to the frontier experience a higher growth from making leading-edge 
innovations, and these innovations require high-skilled labor. Empirical studies seem to 
support that high-skilled labor is more important for the growth of countries close to the 
technological frontier. They investigate the importance of high-skilled labor relative to 
country’s distance from the frontier using the percentage of workers with tertiary education to 
measure high-skilled labor and the percentage of workers with primary or secondary school-
education to measure low-skilled labor (Vandenbussche et al. 2004; Aghion et al. 2005). 
However these studies have neglected the possibility that not only the academic level of 
education but also other types of high quality education and different types of content may be 
crucial characteristics of the available skill structure of a population. Accordingly, the growth 
of a country should not only depend on the number of academically qualified workers but also 
on other types of high quality education. In this context, Hanushek and Woessmann (2009) 
have already shown that it is not only the number of secondary educated workers but more so 
the quality of lower secondary education measured by PISA-results that makes a difference 
for a country’s growth. The aim of our paper is to investigate the impact of a different type of 
high quality education, namely curriculum-based high quality training at the workplace as 
found in the German speaking countries. We argue that not only tertiary academic education 
is crucial for growth at the technological frontier but also this type of curriculum-based 
training at the workplace due to its innovative and steadily revised curricula. These curricula 
generate technological spillovers for firms participating in this training. Using a knowledge 
production function (Pakes and Griliches 1984), we argue that the training curricula and thus 
apprenticeship training is an additional factor in the production of new knowledge within a 
firm. 
                                                          
2
 The term “technological frontier” summarizes the stock of knowledge that is available in all countries (Aghion 
and Howitt 2006). This stock of knowledge is used in the innovation process. 
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Although (Aghion and Howitt 2006) argue that secondary education is growth-enhancing only 
for countries far from the technological frontier, we argue that particular types of it, i.e. high 
quality curriculum based training at the workplace is also growth-enhancing for countries 
close to the technological frontier. A first support for this hypothesis is provided by the fact 
that for quite a few countries close to this frontier (like Switzerland or Germany) a 
considerable part of their workforce (more than 60%) consists of workers with secondary but 
not tertiary school, but high quality work-based education (cf. OECD (2011) and for latest 
results for innovativeness of countries (Weissenberger-Eibl et al. 2011). As Aghion (2008) 
argues growth requires – apart from other factors – a high quality education system for 
securing the supply of skilled labor (he recommends tertiary academic education, which 
seems perfectly reasonable from an Anglo-Saxon perspective where curriculum-based high 
quality training at the workplace is virtually non-existent). We argue in analogy to his 
theoretical argument that workers with high quality apprenticeship training that is based on 
high quality curricula like in Switzerland are often as well prepared to fulfill highly complex 
and changing tasks like academic graduates (Ryan et al. 2010). A first support that this 
analogy can be reasonable may be drawn from Bierhoff and Prais (1997) who found that 
graduates from high quality apprenticeship training possess e.g. math skills that are 
comparable to skills of graduates from tertiary education in Britain (Bierhoff and Prais 1997). 
We argue that curriculum-based training helps firms to gain a competitive advantage with 
respect to technology or knowledge because of spillovers from the knowledge embedded in 
training curricula that undergo a continuous curricula development process. If curricula are 
constantly further developed together with firms with industries’ leading edge technology 
(like the curricula are in the German speaking countries), these curricula help other firms 
participating in apprenticeship training afterwards to gain from this knowledge and keep up 
with the knowledge frontier (Backes-Gellner 1996; Demgenski and Icks 2002). Thus, 
particularly smaller firms without access to such knowledge benefit from training apprentices 
according to these regulations because they indirectly learn about new technologies and are 
better able to implement these technologies as shown for three industries in Backes-Gellner 
(1996). Accordingly, we conclude that graduates from dual education apprenticeship training 
also contribute to growth in countries close to the frontier. 
To investigate the impact of apprenticeship training on firm’s innovativeness we estimate 
knowledge production functions. We use firm-level panel data from the Innovation Survey of 
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the Swiss Institute for Business Cycle Research (the Konjunkturforschungsstelle KOF). This 
dataset is particularly suitable because it provides detailed measures for innovativeness, such 
as general innovation (a joint indicator for product and process innovation), product 
innovation, process innovation, and patent applications, and it also contains information on 
the educational composition of the workforces of the firms. These measures allow us to 
measure both innovation that is new to the firm but not patentable (general innovation, 
product innovation and process innovation) and innovation that is new to the industry 
(national or international) and patentable (patent applications).  
Because our dependent variables are binary and we are interested in the marginal effect of 
apprenticeship training on innovation, we estimate linear probability models. As the decision 
to train apprentices might be correlated with other firm policies that influence innovativeness, 
we control for potential endogeneity of the training decision by using language area and firm 
age as instruments. Firms in German-speaking regions of Switzerland offer apprenticeship 
training more often than firms in the French or Italian-speaking regions for traditional 
reasons. Moreover we expect older firms to offer apprenticeships for the same rationale.  
Our results show that providing apprenticeship training is positively associated with all 
innovation outcomes. This effect is highly significant and robust against the subsequent 
inclusion of our control variables. Furthermore the results of our instrumental variable 
estimation indicate that apprenticeship training has a positive impact on innovation. We find 
significant effects for general innovation and patent applications but no significant effects for 
product and process innovation.  
Institutional Background and Theory 
In this section we describe why we expect a positive effect of curriculum-based high quality 
apprenticeship training on innovation. We use the Swiss apprenticeship system as an example 
and describe the process of how training curricula are set and how it is ensured that frontier 
knowledge is included in them. In the second step we explain the spillover process by which 
firms participating in this type of training gain knowledge and leverage their innovation 
processes. To understand the idea of this knowledge spillover process, imagine a Ph.D. 
program of an ivy-league university and a curriculum that is based on longtime well-proven 
standard elements and constant updating based on their research. Imagine this program is used 
by an unknown mid-level university that is at the same time able to attract highly talented 
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students for their Ph.D. program. The mid-level university of course gains substantially by 
being able to rely on curricula developed by the best universities in the world and by exposing 
their faculty to the Ph.D. students from this program who bring in and combine all the 
knowledge from these up to date courses from all important subfields. It seems obvious that 
this university will be more innovative than other unknown universities not engaging in such 
high level externally developed training programs. 
Swiss Apprenticeship System 
Secondary vocational education in Switzerland typically consists of 3-4 years of intensive 
training programs combining on-the-job training in companies with academic education in 
vocational schools. A typical working week of an apprentice contains 3-4 days of on-the-job 
training and 1-2 day of academic education. The training programs follow an extensive 
curriculum, which is mandatory for all firms offering apprenticeship training. These curricula 
are developed by experts from employer, employee and government organizations.  
The high quality of the entire apprenticeship system is ensured by the participation of firms in 
the setting of training standards (Backes-Gellner 2006; Ryan et al. 2010). Firms have the 
possibility to include latest innovation and best practice methods in the curricula (Weber 
2008). Larger firms with industry’s leading edge technology have a strong impact on the 
contents of curricula (Backes-Gellner 1996; Demgenski and Icks 2002). Furthermore the 
steady revise of training curricula ensures that always the latest technology is included in the 
curricula. 
The role of training curricula in learning and innovation 
Firms benefit in several ways from offering apprenticeship training following these curricula.
3
 
We argue that modern curricula play a major role in the occurrence of technological spillovers 
between firms and workers within firms. As highly innovative and R&D intensive firms have 
a large impact on the content of the curricula, non-innovative firms without access to such a 
technology get access to innovative methods and ideas according to these standards by 
training apprentices. Furthermore the instructors are required to have a certain level of skills 
in the training occupation and should also have pedagogical skills to train apprentices. Due to 
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 Along with monetary benefits that are not subject of this study, non-monetary benefits like technological 
spillovers might exist. For a detailed investigation of the benefits of apprenticeship training see e.g. Wolter et al. 
2006 
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the training of instructors and the use of suitable production technology the firms update the 
qualification of their employees and their existing technology. The curricula serve in this 
context as a guideline as they mention which technology should be available for training and 
which qualification the instructors should have.  
Furthermore the interaction of instructors and apprentices combined with the use of recent 
technology generate new ideas that may lead to innovations. Similar to the interaction 
between professors and Ph.D. students in universities where the combination of knowledge 
taught courses and the knowledge held by professors leads to new approaches and research 
projects, the interaction of instructors and apprentices combines the latest theoretical 
knowledge on new production technologies that apprentices have with a high expertise the 
instructors have in their occupation.  
These considerations can be put in a theoretical framework where the training curricula serve 
as a firm-external source of knowledge in the sense of Kogut and Zander (1992). Furthermore 
there occur possible interactions between firm-internal and firm-external sources of 
knowledge through the training of apprentices. The curricula used in the production process 
can be included in a knowledge production function proposed by Griliches and Pakes (1984). 
In the basic model the growth rate of knowledge depends on a linear time trend and R&D 
investments. An inclusion of the knowledge of the curricula cannot result in a lower growth 
rate of knowledge because it allows new combinations of firm internal and firm external 
knowledge which are a source for knowledge growth. The patent equation depends on a time 
trend and the knowledge growth. A higher knowledge growth has a positive impact on the 
number of patents. If we generalize the patent equation to innovation outcomes such as not 
patentable innovations and patent applications, we can show that knowledge growth and thus 
the knowledge included in the curricula has a positive impact on innovation. Consequently we 
derive our hypothesis: 
 
Apprenticeship-training firms are more innovative than non-apprenticeship-training firms 
Data  
For our empirical analysis we use the Innovation Survey of the Swiss Institute for Business 
Cycle Research. The data set has been conducted triennially since 1990 and includes several 
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innovation indicators such as general innovation, process and product innovation, and patent 
applications. The four innovation indicators are binary and take on the value one if a firm 
innovated or applied for a patent during a 3 year period. The indicator general innovation 
contains product and process innovation jointly. If any of these two indicators take on the 
value one, the indicator general innovation takes on the value one. 
Furthermore the data set contains detailed information on the educational composition of the 
workforce, thereby making the data set a perfect match for our analysis. The workforce is 
sorted by education into five groups: workers with a university degree, workers with degrees 
higher than an apprenticeship (except university), workers with apprenticeship degrees, 
workers with degrees lower than an apprenticeship or without vocational education degrees 
(except apprentices), and apprentices
4
. This classification allows the identification of 
apprenticeship-training firms. We define a firm as “apprenticeship-training” if the percentage 
of apprentices exceeds zero.  
As the data set is an unbalanced panel, we impose restrictions for the generation of our 
sample: We restrict the sample to firms that have at least five employees and no implausible 
information, and exclude observations with missing information. As we are interested in the 
lagged impact of apprenticeship training on innovation, we require subsequent observations. 
Therefore, all firms that cannot be observed for at least two subsequent years are eliminated.  
The data set contains rich information on factors influencing innovation, like competition 
indicators, demand indicators and innovation obstacles. It also contains information on the 
location of the firm and the language spoken by the employees. The location and the language 
spoken by the employees are important information we require to account for potential 
endogenous apprenticeship decision. To obtain the language spoken by the employees we use 
the language of the survey questionnaire that the Swiss Institute for Business Cycle research 
sent to the firms. The survey questionnaire is available in three of the national languages of 
Switzerland: French, German and Italian. The Swiss Institute for Business Cycle Research 
chooses the language of a questionnaire according to the regional language information at the 
postcode level. This regional language information is provided by the Swiss Post. The Swiss 
Post assigned the following languages to a region: French, German, French/German and 
Italian. If a region is assigned to French/German a clear classification is not possible because 
                                                          
4
 Degrees higher than an apprenticeship include degrees from universities of applied sciences, higher vocational 
schools and pedagogical universities. 
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it is closely located to the French-German language boarder. We calculate variables 
containing the firm-level deviation from the regional language. If a deviation occurs the 
variable takes the value one and zero otherwise. As we are interested in the traditional 
differences regarding the apprenticeship training decision, German-speaking firms and 
French-speaking firms in French/German regions are not regarded as deviators. 
We use firm age as an additional variable to measure traditional differences regarding the 
apprenticeship training decision of firms. Figure A.1 in the appendix shows the distribution of 
the founding year in our sample. A non negligible number of firms were founded in 1900 and 
earlier. We expect older firms to have a stronger tradition to train apprentices than younger 
firms. Figure A.2 in the appendix shows that nearly all firms founded before 1900 still train 
apprentices. These findings support our expectation of the existence of an apprenticeship 
training tradition. 
The variables we use for estimation are summarized in table A.1 in the appendix. The number 
of firms that decided to offer apprenticeship training exceeds the number of firms that decided 
not to offer it. These results indicate that offering apprenticeship training is common and 
widespread in Switzerland.  
Estimation Strategy 
For our empirical analysis we augment the knowledge production function proposed by Pakes 
and Griliches (1984). The knowledge included in the curricula serves as an additional factor 
enhancing the knowledge growth of a firm. 
jttj
T
jtjt urbtaw     ,0         (1)  
Knowledge growth denoted jtw  for firm j in period t depends on a firm-specific productivity 
shifter jta , a linear time trend bt , the logarithm of past period’s research expenditures tjr ,  
and an error term jtu . We decompose the firm-specific productivity shifter into two 
components and introduce the external knowledge of the apprenticeship curricula ctk  as an 
additional factor for knowledge growth. As each apprenticeship training program has its own 
curriculum and firms might decide to train differently qualified apprentices we include the 
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sum of all curricula used for apprenticeship training. Firms’ productivity shifter summarizing 
other unobserved impacts on knowledge growth is denoted by jf . 
j
C
c ctjt
fka  1           (2)  
Following Pakes and Griliches (1984) we include firms’ knowledge growth in the patent 
equation and allow for the occurrence of other innovation outcomes that summarize non 
patentable knowledge. Thus product and process innovation are considered as outcomes of 
firms knowledge growth. The innovation outcome of a firm is denoted by jti . 
jtjtjt vwdti             (3) 
We adapt this equation to our available variables. As explained in the data section we have 
only few observations on firms’ research expenditures and thus cannot include lagged 
observations of this variable. Furthermore we do not have information on the number of 
different apprenticeships a firm offers. Therefore we replace the knowledge contained in 
different curricula by a dummy indicating whether a firm offers apprenticeship training in a 
given period or not. We estimate a linear probability model because we have binary 
innovation measures taking the value 1 if the firm innovated successfully during the 
observation period and 0 otherwise. The advantage of the use of the linear probability over 
probit models is the direct calculation of the marginal effects of the apprenticeship training 
decision on innovation. If we take endogenous apprenticeship training decision into account 
this feature allows the comparison of the results between the IV specification and the OLS 
specification. To compare the results from the linear probability models with more suitable 
models for binary choice variables we estimate probit models.  
jt
K
k kjtkjtjt
extri   210          (4) 
Equation 4 is our basic estimation equation. Our four different outcome measures (general 
innovation, product innovation, process innovation and patent applications) are denoted by 
jti . The variable of interest is the binary indicator for training firms jttr . We subsequently 
include a set of control variables. These control variables contain firm size, educational 
composition of a firms’ workforce, competition measures (price and non-price competition), 
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lack of qualified workers, an indicator for foreign company, and sector, year and regional 
dummies. 
Endogenous training decision might be a potential source of bias in equation 4. This bias 
occurs if unobservable decisions influence both the training decision and the innovation 
output. Strategic management decisions for example might aim to foster innovation and 
simultaneously introduce the training of apprentices. To take this endogenous training 
decision into account we use an instrumental variable strategy (Angrist and Krueger 2001). 
Apprenticeship training firms are not equally distributed across Switzerland. Firms in 
German-speaking regions traditionally train apprentices more often than their counterparts in 
the French and Italian speaking part of Switzerland (OPET 2010). As our data set contains 
both the language of a region at the postcode level and the language spoken by the employees 
of the firm, we use the deviation of firms’ language from regions language as an instrument 
for the training decision. For the regional language we can distinguish between German-, 
French-, and Italian-speaking regions. A clear distinction between German- and French-
speaking regions is not possible for some regions. These regions are mainly located in the 
major region Espace Mittelland that contains the German-French language boarder. For the 
calculation of firms’ deviation from the regional language we do not use regions that cannot 
clearly assigned to one language. For the language of the firm we use the questionnaires 
language. The Swiss Institute for Business Cycle Research sends the questionnaire to the 
firms according to the region they are located. Firms have the possibility to request a 
questionnaire in another of the three national languages. For all deviations from the regional 
language we expect a negative impact on apprenticeship training because we compare these 
firms to a reference group that consists of mainly German-speaking firms located in German-
speaking regions. Either because German-speaking firms in non German-speaking regions 
might be affected by the training decision of the competitors or because French-Speaking 
firms in the German-speaking regions traditionally train less than their German-Speaking 
counterparts. 
Because of the limited number of firms that deviate from the regional language, we use a 
second instrument to measure training tradition. Therefore we use the year of firm foundation 
as instrument. Older firms are more likely to train apprentices than younger firms because 
apprenticeship training was more common in the past than it is now. As we do not measure 
innovation over firms’ live-cycle or the total number of patents held by the firm we expect 
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younger firms to be as likely to have innovations in an observation period as older firms. The 
control for firm size in our estimation equation should capture the size effect that can be 
expected for older firms. 
Due to the panel structure of our data set we risk getting biased standard errors if do not 
correct for clustering at the firm level (Moulton 1990). Therefore we use cluster-corrected 
standard errors for the basic equation and the instrumental variable equation.  
Results 
To test our first hypothesis, we estimate equation (4) and use general innovation, product 
innovation, process innovation, and patent applications as dependent variables. According to 
our hypothesis we expect a positive impact on firm innovativeness of the firms’ decision to 
train apprentices. Table 1 shows the results for the estimation equation that includes the full 
set of control variables.   
Table 1 Linear probability model 
Independent variable 
General 
innovation 
Product 
innovation 
Process 
innovation 
Patent 
applications 
     
Dependent variable Coef. Coef. Coef. Coef. 
Apprenticeship-training firm 0.082*** 0.068*** 0.049** 0.066*** 
 (0.020) (0.021) (0.021) (0.017) 
Workforce education controls yes 
Sector controls yes 
Year controls yes 
Region controls yes 
Firm controls yes 
Observations 3617 
R-squared 0.128 0.129 0.078 0.169 
Note: Cluster robust standard errors in parenthesis.    
* Statistically significant at the 0.1 level; ** at the 0.05 level; *** at the 0.01 level. 
 
Column 1 of table 1 shows the analysis of the impact on general innovation of a firms’ 
decision to train apprentices. The results indicate that firms offering apprenticeship training 
have a 8.2 percentage points higher probability to innovate than firms not offering 
apprenticeship training. Columns 2 and 3 show the estimation results for product innovation 
and process innovation respectively. Again, the decision to train apprentices is positively 
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associated with product and process innovation. These effects are statistically significant at 
the 0.01 and the 0.05 level respectively. The marginal effect of apprenticeship training is 6.8 
percentage points for product innovation and 4.9 percentage points for process innovation. 
For patent applications we also obtain a positive effect of the decision to offer apprenticeship 
training. The marginal effect of apprenticeship training on patent applications is 6.6 
percentage points.  
Table 2 Linear probability model, IV estimation (GMM) 
  First stage Second stage 
Independent variable 
Apprenticeship-
training firm 
General 
innovation 
Product 
innovation 
Process 
innovation 
Patent 
applications 
      
Dependent variable Coef. Coef. Coef. Coef. Coef. 
Apprenticeship-training firm  0.145 0.026  0.084 0.156** 
  (0.090) ( 0.102) (0.102) (0.075) 
Founding year -0.002***     
 (0.000)     
German-speaking firm in French-
speaking region 
-0.311***     
(0.101)     
German-speaking firm in Italian-
speaking region 
-0.326***     
(0.126)     
French-speaking firm in German-
speaking region 
 -0.375***     
(0.127)     
      
Workforce education controls yes yes 
Sector controls yes yes 
Year controls yes yes 
Region controls yes yes 
Firm controls yes yes 
Observations 3617 3617 
F-Statistic first stage 15.37     
Hansen J Satistic  0.503 0.566 1.375 2.104 
p-value  0.918 0.904 0.711 0.551 
Centered R-squared 0.130 0.125 0.127 0.077 0.158 
Note: Cluster robust standard errors in parenthesis.      
* Statistically significant at the 0.1 level; ** at the 0.05 level; *** at the 0.01 level.  
 
We re-estimate equation 4 using a probit model to compare the estimation results from the 
linear probability model to a model more suitable for binary choice data. The marginal effects 
for the probit estimates are shown in table A.2 in the appendix. A comparison of the 
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magnitude of the effects of offering apprenticeship training on the innovation outcomes shows 
only little differences. The direction of the effect of apprenticeship training on all innovation 
outcomes remains positive. As in the linear probability model the estimates from the probit 
model are highly significant for all innovation outcomes.  
As equation 4 does not account for potential endogenous apprenticeship training decision, we 
use an instrumental variable method. Table A.3 in the appendix shows the estimation results 
of the first and the second stage of a TSLS estimation. In the first stage we regress the 
apprenticeship training dummy on our selected instruments that reflect the tradition to train 
apprentices and a set of control variables. The year of firm foundation and the language 
instruments are highly significant in the first stage regression. As expected the direction of the 
coefficients is negative. The common problem of weak instrument does not occur in our first 
stage estimation, shown by a F-statistic that is above 10 (Stock et al. 2002). As we use more 
instruments than endogenous variables we can test the validity of our instruments. For all of 
our estimations the null hypothesis of valid overidentifying restrictions and the exogeneity of 
the instruments cannot be rejected.  
The results of the second stage of the TSLS estimation cannot support our previous findings 
for every innovation outcome. We only find a positive impact of apprenticeship training on 
general innovation. This effect is statistically significant at the 0.1 level. For product 
innovation, process innovation and patent application, we obtain insignificant effects. 
We apply an efficient GMM estimator, which properly takes the heteroscedasticity due to 
clustering at the firm-level into account. These results are reported in table 2. The results for 
the first stage do not differ from the results reported in table A.3 as the same estimation 
method is applied. Also the Hansen J Statistic, we use to test of the validity of our instruments 
remains the same. The results of the second stage can only partially support the results of our 
OLS estimations. We find no significant impacts of offering apprenticeship training on 
general innovation, product innovation and process innovation. For patent applications we 
obtain a positive and significant impact of the decision train apprentices. We attribute the 
larger size of the estimated coefficients of table 2 compared to table 1 to the fact that the 
estimation results in table 2 should be interpreted as local average treatment effect (LATE) of 
firms that would change their training behavior according to training tradition. 
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For a comparison of the OLS and TSLS results we conduct a Hausman test. If the null 
hypothesis of no endogeneity is not rejected that would give the interpretation OLS more 
credibility. As the Hausman test requires an efficient estimator under the null hypothesis, 
which is not the case if we assume heteroscedasticity, we apply a bootstrapped version of the 
Hausman test that does not require the assumption of an efficient estimator under the null 
hypothesis (Cameron and Trivedi 2009). The Hausman test fails to reject the null hypothesis 
for all of the 4 outcome variables and indicates that the problem of endogeneity might not bias 
our OLS estimates. 
These estimation results support our hypothesis that firms offering apprenticeship training are 
more innovative than firms not offering this training. Both our estimation results neglecting a 
potential endogenous training decision and the estimation results taking endogenous training 
decision into account support our hypothesis. In these basic specifications we do not account 
for the possibility of heterogeneity in the impact of the training decision on innovation for 
firms belonging to different industries. As some industries generate innovation more 
frequently than others we expect the impact of the training decision on innovation to differ 
across industries. 
Industry specific innovation differences 
For the measurement of the impact of the training decision in different industries, we augment 
equation 4 with interaction terms. To avoid a very narrow classification of industries and thus 
potentially small number of observations per industry, we group the industries in two ways. 
First, we use the common sector classification provided by the Swiss Institute of Business 
Cycle Research. This classification we already used in our basic model contains 3 sectors: 
Manufacturing, Construction and Services. Second, we clustered the industries using their 
innovative performance. We used information on process and product innovation and on 
patent applications to calculate three innovation clusters. Therefore we applied a hierarchical 
cluster analysis. The results allow a clear identification of a high, medium and low innovation 
cluster. For both classification we interacted each group with the apprenticeship training 
variable and re-estimated our model. 
The results for the first classification are shown in table 3. For general, product and process 
innovation (Columns 1-3) we find a positive association of apprenticeship training with 
innovation only for the first sector (manufacturing). Column 4 shows the results for patent 
applications. For the first sector, we find that apprenticeship training is positively related with 
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innovation whereas we find negative effects for the second and the third sector. These results 
are further confirmed if we use the alternative industry grouping scheme. Columns 1-3 of 
table 4 show a similar pattern as in table 3. Whereas column 4 shows that firms belonging to 
the high innovation cluster benefit most from training apprentices. Firms belonging to the low 
innovation cluster benefit less from training apprentices compared to firms belonging to the 
medium innovation cluster. These results contribute to the explanation of the results in 
column 4 of table 3. Most of the highly innovative firms belong to the manufacturing cluster, 
whereas a minority of the highly innovative firms belongs to the service cluster. 
Table 3 Industry-specific innovation differences (sector) 
Independent variable 
General 
innovation 
Product 
innovation 
Process 
innovation 
Patent 
applications 
     
Dependent variable Coef. Coef. Coef. Coef. 
Apprenticeship-training firm 0.076*** 0.067**  0.030 0.106*** 
 (0.024) (0.027) (0.027) (0.025) 
Construction -0.259*** -0.345***  -0.198** -0.156*** 
 (0.098) (0.078) (0.092) (0.040) 
Service -0.181*** -0.202***  -0.145***  -0.176*** 
 (0.035) (0.037) (0.037) (0.025) 
Apprenticeship-training firm* -0.022 0.054 -0.008 -0.079* 
Construction (0.107) (0.086) (0.100) (0.044) 
Apprenticeship-training firm*   0.019  -0.002 0.054 -0.107***  
Service (0.041) (0.044) (0.043) (0.030) 
Workforce education controls yes 
Year controls yes 
Region controls yes 
Firm controls yes 
Observations 3617 
R-squared 0.128 0.129 0.079 0.172 
Note: Cluster robust standard errors in parenthesis.    
* Statistically significant at the 0.1 level; ** at the 0.05 level; *** at the 0.01 level. 
 
This result seems plausible in the context of the frequent adaption of curricula content. 
Occupations in the manufacturing sector have a high frequency in the adaption of the 
curricula whereas the frequency of content adaption is lower in occupations in the 
construction sector. Furthermore these results support that curricula used in apprenticeship 
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training have a high information value and play an important role in the diffusion of new 
technologies. 
Table 4 Industry specific innovation differences (Innovation cluster) 
Independent variable 
General 
Iinovation 
Product 
innovation 
Process 
innovation 
Patent 
applications 
     
Dependent variable Coef. Coef. Coef. Coef. 
Apprenticeship-training firm 0.089*** 0.105*** 0.015 0.075*** 
 (0.034) (0.038) (0.037) (0.027) 
Highly innovative 0.093**  0.134*** -0.005 0.192*** 
 (0.040) (0.043) (0.046) (0.040) 
Lowly innovative -0.153*** -0.142*** -0.175*** -0.035 
 (0.040) (0.042) (0.041) (0.024) 
Apprenticeship-training firm* 0.007 0.001  0.033 0.122** 
Highly innovative (0.045) (0.050)  (0.054) (0.049) 
Apprenticeship-training firm* -0.014 -0.074 0.063  -0.074** 
Lowly innovative (0.046) (0.049) (0.047) (0.030) 
Workforce education controls yes 
Year controls yes 
Region controls yes 
Firm controls yes 
Observations 3617 
R-squared 0.138 0.152 0.079 0.220 
Note: Cluster robust standard errors in parenthesis.    
* Statistically significant at the 0.1 level; ** at the 0.05 level; *** at the 0.01 level. 
 
Lagged apprenticeship training decision 
Due to the panel structure of our data set we have information on firms’ apprenticeship 
training decision of the last period. We thus include the lag of apprenticeship training in 
equation 4. This test shows whether apprenticeship training and thus the knowledge contained 
in the curricula has a long term impact on innovation. As our apprenticeship training dummy 
includes the requirements a firms has to fulfill until it receives the permission to offer 
apprenticeship training, the dummy also includes the knowledge a firm collects during the 
preparation process. With the inclusion of the lag of the apprenticeship training decision, we 
test for knowledge accumulated at least 4 years ago. 
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Table 5 Linear probability model with lagged training decision 
Independent variable 
General 
innovation 
Product 
innovation 
Process 
innovation 
Patent 
applications 
     
Dependent variable Coef. Coef. Coef. Coef. 
Apprenticeship-training firm 0.063** 0.016 0.036 0.052** 
 (0.031) (0.033) (0.035) (0.026) 
Apprenticeship-training firm (lag) 0.005 0.055* 0.013 0.023 
 (0.030) (0.032) (0.034) (0.026) 
Workforce education controls yes 
Sector controls yes 
Year controls yes 
Region controls yes 
Firm controls yes 
Observations 2064 
R-squared 0.125 0.137 0.071 0.168 
Note: Cluster robust standard errors in parenthesis.    
* Statistically significant at the 0.1 level; ** at the 0.05 level; *** at the 0.01 level. 
 
Table 5 shows the estimation results for apprenticeship training and its lag. Due to the 
reduced sample size we obtain insignificant estimates for product and process innovation. The 
coefficients for general innovation and patent applications are positive and significant, but 
somewhat lower than in table 2. The lag of apprenticeship training is positively associated 
with product innovation only. We do not find a significant effect for the other innovation 
outcomes.  
These results indicate that a long lasting effect of the adaption of the knowledge contained in 
the curricula only occurs for product innovation. As patent applications might also the 
consequence of a long term research and knowledge application process, we would rather 
expect to find a positive association of lagged apprenticeship training with patent applications. 
Nevertheless the positive effect for product innovation is not counterintuitive. The 
development of new products requires on the one hand research and development and on the 
other hand qualified personnel for the production of the product. If the apprentices stay with 
their firms after graduation they might be able to implement the knowledge learned during 
their apprenticeship. Consequently these workers might accelerate the implementation of new 
products. As we do not have data on the disposition of apprenticeship graduates, we leave this 
question open for future research. 
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Discussion 
In this paper we analyze the impact of secondary education on firm innovation in Switzerland, 
a country close to the technological frontier. Our results show that a firm’s decision to train 
apprentices is positively associated with general innovation, product innovation, process 
innovation, and patent applications. If we consider endogenous apprenticeship training 
decisions, the results remain robust for general innovation and patent applications 
Furthermore we can show that highly innovative firms benefit most from training apprentices.   
Our empirical results are in line with our hypothesis. Due to the inclusion of possible 
technology spillovers from training curricula, we predict a positive impact of apprenticeship 
training on innovation. Firms benefit from technology spillovers from the employment of 
apprentices, because the curricula of apprenticeship training are frequently adapted to the 
latest technological requirements. As larger firms that use a technology close to the 
technological frontier of their industry have a stronger impact on the curricula of 
apprenticeship training than smaller firms that do not use such technology, knowledge on 
technologies that are new to smaller and medium-size firms enters the firm through the 
employment of apprentices. Thus dual apprenticeship training as provided within the 
regulatory framework of the German speaking countries can contribute to firm 
innovativeness. 
Future research on the impact of education on innovation and thus on growth should take into 
account the possibility of an impact of highly qualified workers with apprenticeship training. 
The quality of the educational system of a country is a major determinant of the success of 
workers in jobs that require complex tasks and continuous learning. Consequently, a high 
quality education system that prepares workers at the secondary level to fulfill demanding 
jobs is also an important prerequisite for innovation in a country close to the technological 
frontier. 
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Appendix 
Figure A.1 Distribution of the founding year 
 
 
Figure A.2 Firm foundations and apprenticeship training 
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Table A.1 Descriptive statistics  
Variable Obs Mean 
Std. 
Dev. 
General innovation 3617 0.704 0.456 
Product innovation 3617 0.609 0.488 
Process innovation 3617 0.510 0.500 
Patent applications 3617 0.182 0.386 
Apprenticeship-training firm 3617 0.698 0.459 
Firm size 3617 163.654 471.614 
Share of workers with university degree 3617 0.061 0.121 
Share of workers with degree higher than apprenticeship 3617 0.156 0.152 
Share of workers with apprenticeship degree 3617 0.492 0.244 
Share of workers with degree lower than apprenticeship 3617 0.292 0.256 
Non-price-competition 3617 0.387 0.487 
Price-competition 3617 0.716 0.451 
Estimated demand for next 3 years 3617 0.416 0.493 
Foreign firm 3617 0.135 0.342 
Lack of skilled workers 3617 0.170 0.376 
Manufacturing 3617 0.588 0.492 
Construction 3617 0.074 0.261 
Service 3617 0.338 0.473 
year 1999 3617 0.201 0.401 
year 2002 3617 0.292 0.455 
year 2005 3617 0.296 0.456 
year 2008 3617 0.212 0.408 
Genferseeregion 3617 0.092 0.290 
Espace Mittelland 3617 0.233 0.423 
Nordwestschweiz 3617 0.140 0.347 
Zurich 3617 0.193 0.395 
Ostschweiz 3617 0.202 0.401 
Zentralschweiz 3617 0.094 0.291 
Ticino 3617 0.046 0.209 
Founding year 3617 1945.287 40.643 
German-Speaking firm in French-speaking region 3617 0.004 0.062 
German-Speaking firm in Italian-speaking region 3617 0.002 0.041 
French-Speaking firm in German-speaking region 3617 0.001 0.029 
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Table A.2 Probit model 
Independent variable 
General 
innovation 
Product 
innovation 
Process 
innovation 
Patent 
applications 
     
Dependent variable Marg. Eff. Marg. Eff. Marg. Eff. Marg. Eff. 
Apprenticeship-training firm  0.077*** 0.065*** 0.046** 0.067*** 
 (0.019) (0.021) (0.021) (0.017) 
Workforce education controls yes 
Sector controls yes 
Year controls yes 
Region controls yes 
Firm controls yes 
Observations 3617 
Pseudo R-squared 0.113  0.102 0.060 0.201 
Note: Cluster robust standard errors in parenthesis.    
* Statistically significant at the 0.1 level; ** at the 0.05 level; *** at the 0.01 level. 
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Table A.3 Linear probability model, IV estimation (TSLS) 
  First stage Second stage 
Independent variable 
Apprenticeship-
training firm 
General 
innovation 
Product 
innovation 
Process 
innovation 
Patent 
applications 
      
Dependent variable Coef. Coef. Coef. Coef. Coef. 
Apprenticeship-training firm  0.151* 0.031 0.073 0.126 
  (0.090) ( 0.102) (0.102) (0.086) 
Founding year -0.002***     
 (0.000)     
German-speaking firm in French-
speaking region 
-0.311***     
(0.101)     
German-speaking firm in Italian-
speaking region 
-0.326***     
(0.126)     
French-speaking firm in German-
speaking region 
 -0.375***     
(0.127)     
      
Workforce education controls yes yes 
Sector controls yes yes 
Year controls yes yes 
Region controls yes yes 
Firm controls yes yes 
Observations 3617 3617 
F-Statistic first stage  15.37     
Hansen J Satistic   0.503 0.566  1.375 2.104 
p-value  0.9183 0.9042 0.7114 0.5511 
Centered R-squared 0.1303 0.1238  0.1276 0.0776 0.1641 
Note: Cluster robust standard errors in parenthesis.      
* Statistically significant at the 0.1 level; ** at the 0.05 level; *** at the 0.01 level.  
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